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Introduction

Bustards are medium- to large-sized terrestrial birds, chiefly inhabiting open plains in either arid or seasonally dry regions of the old world.  The bustard family has 25 species in 11 genera.  The largest bustard, the kori (Ardeotis kori), is indigenous to the grasslands and lightly wooded savannas of southern and eastern Africa.  The species is listed in Appendix II of CITES, and the Eskom Red Data Book of Birds of South Africa lists the status of the southern subspecies as Vulnerable (Barnes 2000).  The kori bustard is showing signs of chronic decline and local extinction over its entire range (Collar 1996).  Causes for this decline include increasing agriculture and development, hunting pressure, a low tolerance for human activity and an inherent low reproductive rate.

Recently, there has been an increase in the propagation of bustard species in captivity.  A breeding program for the kori bustard in the United States is managed under the auspices of the Association of Zoos and Aquariums as a Species Survival Plan (SSP).  This program aims to maintain populations that are genetically and demographically self-sustaining without relying on continued imports from the wild (Hallager and Ballou 2006).  In captivity, breeding is currently limited to a few institutions.  Even at institutions that have reliable breeding, however, this is limited to a few prolific individuals with other individuals not breeding.  A greater understanding of bustard behavior is needed to assist in developing optimal husbandry techniques.  

Since 2000, an in-depth behavioral study of kori bustards has been ongoing at the Smithsonian National Zoological Park (SNZP).  Observations by trained volunteers have resulted in over 2500 hours of data.  Volunteers record behavior as well as space utilization and crowd level data.  While SNZP’s behavior study has been informative, the data is limited to the SNZP flock and may not be representative of kori bustard behavior in general.  Gathering data from bustards housed at several zoos is necessary to elucidate general patterns of behavior and to identify husbandry/management practices that affect reproduction.  

SNZP’s current behavioral study is very time intensive and no other institution can commit to the time required for collecting such in-depth behavioral data.  To overcome this problem, we designed a study to use EthoTrak to easily gather behavioral information. EthoTrak uses a Palm®-based program to collect behavioral data.  Observers are easily trained on data collection and data processing time is greatly reduced as the data are synched between the Palm® and the computer, thus eliminating a time-intensive step.
The first undertaking was to determine whether using EthoTrak with our study design was an appropriate method for obtaining valid behavioral data. To accomplish this, we first determined how well institutions collected data according to the schedule and identified any problems with using the method. Secondly, we compared data taken by the two different methods at SNZP to determine how well the data taken with EthoTrak reflected data taken in a more intensive manner.  Lastly, we investigated behavioral patterns across the institutions. 

Methods

SNZP Intensive Study Data Collection: Data were collected using scan sampling (Altmann 1974) by Friends of the National Zoo Volunteer Kori Bustard Behavior Watchers. Data were collected in one-hour shifts that were scheduled so as to equally cover each hour of daylight every week.  No shifts were scheduled for 7:00 or 14:00, the hours during which keepers are in the enclosure feeding the birds and carrying out routine husbandry tasks. In addition, no data were collected on days with moderate to heavy precipitation or on days when the birds were housed indoors due to inclement weather. Watchers stood along the visitor-accessible, western side of the enclosure, and scanned every five minutes.  At each scan the watcher noted each bird's behavior and location. The ethogram consisted of 63 behaviors (Lichtenberg and Hallager 2008).  Not visible was recorded when the location or behavior of a bird could not be determined. 

EthoTrak Study Data Collection:  Four institutions (Birmingham Zoo (BZ), Dallas Zoo (DZ), Living Desert (LD), and SNZP) collected data on 18 birds (6 males, 11 females, 1 unknown).  Keepers took observational data on the bustards between 8:00 and 16:00.  To keep observations between facilities comparable, a schedule was developed with observations scheduled three times per day (Table 1). This produced at least 21 observations per bird per week.  Observations were taken at any time during the scheduled hour.  During this time window, at least one observation was recorded for each animal.  Additionally, the keepers could carry the Palm® with them and take additional observations when possible during their daily routine.  Observations were not to be taken 15 minutes prior to or 30 minutes after feeding.  If an animal was not visible, no data was collected.
Table 1. Schedule of times of data collection.  Data is taken anytime within the hour time block.
	Time
	S
	M
	T
	W
	Th
	F
	S

	8:00-9:00
	
	
	X
	
	X
	
	X

	9:00-10:00
	
	X
	
	X
	
	X
	

	10:00-11:00
	X
	
	X
	
	X
	
	

	11:00-12:00
	
	X
	
	X
	
	X
	

	12:00-13:00
	X
	
	
	
	X
	
	X

	13:00-14:00
	
	X
	
	X
	
	X
	

	14:00-15:00
	X
	
	X
	
	
	
	X


Ethogram used with EthoTrak data:  The 63-behavior ethogram that was used with the SNZP intensive study was modified to produce the 31-behavior ethogram for use with the EthoTrak study (Table 2).  Behaviors were organized into five higher-order behavior categories (Activity, Maintenance, Social, Sexual, Maternal) with subcategories (e.g. Locomotion and Resting under Activity).  To reduce the number of behaviors, behaviors from the SNZP study were collated into larger categories.  For instance, scratching, stretching, body fluffing, ruffling, wing flapping, preening and bill wiping are all separate behaviors for the SNZP ethogram.  All of these behaviors were combined into a body maintenance behavior for EthoTrak.  Two behaviors related to chicks (Chick Feeding and Offer Food) were added to the ethogram.  
Table 2.  Ethogram used with EthoTrak study.
	Behavior
	Description

	ACTIVITY
	

	Locomotion-Pacing
	The bird walks back and forth in a particular area, moving faster than when walking.

	Locomotion-Jumping
	Without a running start, a bird will jump into the air. Jumping may be accompanied by barking.

	Locomotion-Running
	The bird is moving at a speed similar to or faster than an average human adult runs. Its head may be held high and extended, or low and horizontal to the ground. The wings may be extended or held close to the body.

	Locomotion-Walking
	The bird is moving about at a leisurely pace. 

	Resting-Alert
	Bird is stationary, head is up.

	Resting-Not Alert
	The bird is stationary, head is tucked. 

	MAINTENANCE
	

	Body Care-
Body maintenance
	Includes scratching, stretching, body fluffing, ruffling, wing flapping, preening and bill wiping.

	Body Care-Dust bathing
	The bird lies flat and rubs its belly, head, neck and wings on the ground, often in a sandy or dusty depression. Birds often ruffle their feathers in the material they are bathing in.

	Body Care-Head-jerking
	The bird is generally stationary and the head and neck are moved backwards over the bird’s back.

	Body Care-Sun bathing
	The bird is sitting in the sun with one or both of its wings spread horizontal to the ground.

	Drinking 
	Consuming water

	Excretion
	Elimination of waste

	Feeding-Chick feeding
	Chick accepts food offered by dam

	Feeding-Self feeding
	Search for food while walking and looking down at the ground, pecking at food or chasing down jumping or flying prey.

	Predator Avoidance-
Neck fluff
	Erection of the neck feathers and/or the head crest.

	Predator Avoidance-Predator defense display
	The bird is crouched, its tail is raised and fanned, wings are loosely tucked to the body and the bird’s head and neck are extended upwards.

	Predator Avoidance-Skyward looking
	An alert bird may extend its head and cock it upwards, and may also tilt the head sideways so only one eye is facing upwards.

	SOCIAL
	

	Antagonistic-Tail-lifting 
	Tail is lifted up to 90º angle, feathers fanned, tail is then lowered. Often performed while bird is sitting, but can also be shown by a standing bird. Tail lifting occurs when another bird approaches, may be accompanied by erection of head crest feathers.

	Antagonistic-
Threat posture 
	A standing bird has its tail up and fanned, its wings outstretched, its plumage ruffled and its head extended forward. Wings and tail may be vibrated.

	Antagonistic-Non-aggressive displacement
	One bird walks toward another bird, causing the second bird to vacate its position and move elsewhere.

	Antagonistic-Aggressive displacement
	One bird chasing another bird. The aggressor will lower its head, raise its head crest, ruffle its plumage slightly and aim its body towards the other bird.

	SEXUAL
	

	Courtship-Tail up
	With tail raised and fanned, wings held close to the body and head crest erect a male stands or struts around

	Courtship-
Partial balloon display
	A male may stand with his neck partially inflated, tail up and head crest erect.

	Courtship-Balloon display
	Male extends neck and fully inflates pouch with the bill pointed upward. The tail and wing feathers are pointing downward and the head crest is erect.

	Courtship-Booming
	Male is in balloon display and giving low-pitched 6-note (or less) vocalization.

	Courtship-Chasing female
	With head crest and tail raised, the male will chase after a female.

	Courtship-Head Tossing
	Male tosses head back quickly until the back of head touches the back

	Copulation
	Male pecks the back of sitting female’s head. As copulation nears, male sits down and continues to peck at the female’s head. Male spreads wings and climbs onto back of seated female. Just after sperm transfer, both birds stand and shake their feathers.

	MATERNAL
	

	Incubating/brooding
	Sitting on eggs in the nest or chicks. Includes when the female occasionally throws leaf litter and small sticks onto her back while incubating

	Egg turning
	While standing over the nest, females rotate their eggs with their bills.

	Offer food
	Dam offers food to chick


Data Analysis: For the SNZP intensive study (referred to as SNZP-Intensive) data analysis, any not visible observations were eliminated.  As observations collected within the same observation period are not independent data samples, data were collapsed to produce a percentage of behavior per observation period.  Observations within the same week were averaged to produce a weekly percentage of scans for each behavior.  Observations within the same month were averaged to produce a monthly percentage of scans for each behavior.  For the EthoTrak data, all data samples collected within a week were averaged to produce a weekly percentage of scans for each behavior and all data samples collected within a month were averaged to produce a monthly percentage of scans for each behavior.

Results

Dataset:  We used data collected from 1 March to 15 November 2007.  Because the first and last week were not complete weeks, we did not use them for some of the analyses looking at data collection.  For most of the analyses looking at behavioral patterns, we only used individuals that were in the study for the entire time.  The original dataset outputted from Brookfield’s database was 11455 observations from the four institutions.
Problems with EthoTrak data collection:  We identified problems in the dataset due to both equipment failure and to observer error.  We had 52 observations with dates for 1-3 Jan 2005.  These were obvious errors because data collection did not begin until 2007.  This was most likely due to the Palm® resetting the date.  These observations were not lost however because we were able to determine the date by using the session number.  The session number does not reset when the Palm® does, so we were able to determine when the recordings were taken and change the date to the correct date.  Unfortunately, we could not determine the correct time because we did not know when the Palm® had reset itself.  In addition to incorrect time for those observations, both BZ and SNZP had a significant number of observations that were taken at impossible times. For SNZP most of these occurred during a 26-day period during July-August.  Occasionally, BZ would notice and enter a comment and the time could be corrected, but there was no restricted time period like for SNZP. Because of this problem, no analyses on influences of time were investigated.  A third major problem was missing data from DZ.  Keepers took the data and properly synched the Palm® with the computer but no data were in the dataset. 

During training, observers were briefed on the ethogram, but reliability was not tested between observers.  All of the observers had experience working with kori bustards.  After two months of data collection, a problem was found with the definitions of male courtship behavior resulting in SNZP and DZ identifying the same behavior as different behaviors.  The ethogram was corrected and for the analyses we looked at the higher order behavior of courtship rather than looking at individual behaviors.  Another problem in coding behavior was discovered with respect to a dam feeding her chick.  These were recorded as “Feeding-chick feeding” rather than “Maternal-offer chick”.  These were easily amended to the correct code.   

Did institutions obtain comparable data on all animals?  Over the course of the study period, most institutions obtained over 700 observations per bird (Table 3).  BZ had the most observations per bird and SNZP had the fewest observations per bird.  The birds with significantly fewer observations were those that were not in the study the entire time for one reason or another.  In addition to analyzing the entire data collection period, we looked at weekly and monthly statistics.  According to the collection schedule, a minimum of 21 samples were to be collected on each individual.  On average, most of the institutions were able to meet this goal (Table 4).  In some instances, however, almost no data were collected for the week. The minimum for DZ is explained as a period when even though data were being collected the transfer to the EthoTrak database was not successful.  On a monthly basis, most institutions averaged above 80 observations per bird (Table 5).  Thus, analyses performed on a monthly basis will be more robust as the sample size is larger and also more consistent.

Table 3.  Number of behavioral observations obtained for each individual in the study.

	Individual
	BZ
	DZ
	LD
	SNZP

	204025
	779
	
	
	

	B02018
	783
	
	
	

	B02066
	780
	
	
	

	002024
	
	756
	
	

	886438
	
	752
	
	

	948952
	
	747
	
	

	98C313
	
	729
	
	

	00D626
	
	591
	
	

	05G219
	
	746
	
	

	06G678
	
	696
	
	

	07H263
	
	199
	
	

	205002
	
	
	713
	

	205003
	
	
	712
	

	209207
	
	
	
	159

	214097
	
	
	
	573

	214461
	
	
	
	584

	215326
	
	
	
	577

	215349
	
	
	
	570

	Ave./bird
	781
	746
	713
	576


Table 4.  Distribution statistics for number of observations collected per bird for each institution on a weekly basis.
	
	BZ
	DZ
	LD
	SNZP

	Average weekly samples
	20.9
	20.6
	19.5
	14.4

	Mode weekly samples
	20
	21
	21
	16

	Minimum weekly samples
	13
	0
	3
	1

	Maximum weekly samples
	34
	25
	25
	27


Table 5.  Average number of observations collected per bird for each institution on a monthly basis.

	Month
	BZ
	DZ
	LD
	SNZP

	Mar
	114
	96
	71
	69

	Apr
	108
	97
	90
	67

	May
	92
	98
	91
	63

	Jun
	80
	90
	82
	85

	Jul
	75
	92
	82
	69

	Aug
	87
	62
	81
	66

	Sep
	89
	69
	93
	31

	Oct
	88
	93
	82
	39

	Ave.
	92
	87
	84
	61


The final analysis for data sampling results investigated when during the day samples were collected. The collection schedule was for all institutions to take samples between 8:00 and 15:00, with encouragement to take samples before or after if possible.  All of the institutions were able to take some observations before 8:00 or after 15:00. To compare across institutions, we calculated the percentage of observations per hour for each institution. The institutions obtained relatively equal frequencies of data over the scheduled hours of collection.  The only large discrepancy was LD which had a noteworthy small percentage taken during the 13:00-14:00 hour (Table 6).  SNZP also seemed to have many observations taken during non-scheduled hours but this was actually a result of the failure of the Palm®. 

Table 6.  Percentage of observations taken during scheduled data collection hours for each institution.

	Time
	BZ
	DZ
	LD
	SNZP

	8:00-9:00
	12%
	13%
	13%
	10%

	9:00-10:00
	14%
	14%
	15%
	11%

	10:00-11:00
	14%
	14%
	13%
	10%

	11:00-12:00
	13%
	14%
	15%
	9%

	12:00-13:00
	12%
	13%
	15%
	9%

	13:00-14:00
	12%
	14%
	9%
	9%

	14:00-15:00
	12%
	14%
	14%
	11%

	Other hours
	11%
	2%
	7%
	30%


Comparison of SNZP-intensive study data with EthoTrak data:  To determine whether data from the EthoTrak study were equivalent to data from the SNZP intensive study, we looked at various comparisons.  First, we compared behaviors that were recorded using both methods.  For twelve of the 29 behaviors (41%), more birds were recorded performing the behavior during the EthoTrak study than during the SNZP-intensive study (Table 7).  Thus, EthoTrak captured more behaviors than the SNZP intensive study.   

Table 7.  Number of birds that were observed performing each behavior using the two different collection methods. For behaviors not included, no birds were recorded performing the behavior. The birds consisted of one male, two egg-laying females and one non-egg laying female. 
	
	Method

	Behavior
	SNZP-Intensive
	EthoTrak

	Resting-Alert
	4
	4

	Resting-Not Alert
	4
	4

	Locomotion-Pacing
	2
	3

	Locomotion-Running
	4
	4

	Locomotion-Walking
	4
	4

	Body Care-Body maintenance
	4
	4

	Body Care-Dust bathing
	1
	2

	Body Care-Head-jerking
	0
	1

	Body Care-Sun bathing
	4
	4

	Drinking 
	2
	4

	Feeding-Self feeding
	4
	4

	Predator Avoidance-Neck fluff
	0
	2

	Predator Avoidance-Skyward looking
	0
	4

	Antagonistic-Tail-lifting 
	0
	1

	Antagonistic-Non-aggressive displacement
	0
	1

	Antagonistic-Aggressive displacement
	0
	2

	Courtship-Tail up
	1
	1

	Courtship-Head Tossing
	0
	1

	Courtship-Partial balloon display
	1
	1

	Courtship-Balloon display
	0
	1

	Courtship-Booming
	1
	1

	Courtship-Chasing female
	1
	1

	Incubating/brooding
	1
	2


We compared data on a weekly basis for Incubation and the subcategory level behaviors of Resting, Locomotion, and Body Maintenance for female 214097. The data for Incubation showed a tight correspondence between the two methods, but there was much smaller correspondence for all of the other behaviors (Figure 1).  Even though the data from both methods were comparable, week to week variability was high, particularly with the EthoTrak data.  Because this variability could be due to the low number of samples taken using EthoTrak, the data were averaged by month.  This comparison showed a much reduced variability in the data and higher correspondence (Figure 2).  Whereas the data for Body Care was very similar between the two different methods, data collected using EthoTrak was generally higher for Resting and lower for Locomotion.
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Figure 1.  Graphs of behavioral data for female 214097 at SNZP.  Data collected by the SNZP-intensive method is labeled as SNZP.  Data collected using EthoTrak is labeled as EthoTrak.
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Figure 2.  Graph of monthly behavioral data for female 214097 at SNZP from March through October 2007.  Data collected by the intensive method is labeled as SNZP.  Data collected using EthoTrak is labeled as EthoTrak.
We also compared data on a weekly and monthly basis for the subcategory Courtship behaviors for the male 214461.  Comparisons using weekly averages showed broad similar patterns, but similar to the female graphs, there was a lot of variation (Figure 3).  Comparisons using monthly averages showed much higher correspondence. The data in the figures were compared to notes taken by the keepers.  The keepers reported the male booming very faint on 5 April 2007 (Week 14).  The same week EthoTrak showed a slight rise in courtship behaviors, whereas the intensive study first recorded courtship behaviors during Week 15. 
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Figure 3.  Graphs of courtship data for male at SNZP for March through October 2007.  Data collected by the intensive method are labeled as SNZP.  Data collected using EthoTrak are labeled as EthoTrak.
Visually, it is quite evident that the intensive study and EthoTrak are producing very similar data, especially when using monthly averages.  To quantitatively determine how the two data collection methods compared, for each month for each bird we calculated absolute difference in average monthly scores for the behavior categories of Resting, Locomotion, Body Care, Incubation (female 214097 only) and Courtship (male only) for all individuals at SNZP.  We then produced an average for each behavior for each individual (Table 8).  Incubation has the smallest average difference between the two methods.  This average, however, includes the four months when the female was not incubating, potentially masking an important difference.  The average absolute difference scores for the months when the female was incubating was 4.8.  This is still lower than the averages for most other behaviors.  Courtship behavior has a similar pattern with an average of 2.4 for all months and 4.2 for the months when the male was displaying.  Resting behavior had the largest average difference between the two methods, however, this was still under 10.  Thus, on average, the two methods produce monthly scores that are less than 10 percentage points apart.  With these results we felt confident that data obtained using EthoTrak was an accurate representation of the birds behavioral patterns.
Table 8.  Average absolute difference in percentage of scans between the monthly scores using the two different data collection methods.

	
	Individuals
	

	Behavior
	214097/0.1
	215326/0.1
	215349/0.1
	214461/1.0
	Average

	Resting
	9.2%
	9.2%
	11.9%
	7.6%
	9.5%

	Locomotion
	8.6%
	7.4%
	9.8%
	5.8%
	7.9%

	Body Care
	4.2%
	5.6%
	7.5%
	5.1%
	5.6%

	Incubation
	2.4%
	
	
	
	2.4%

	Courtship
	
	
	
	2.6%
	2.6%

	Average
	7.3%
	7.4%
	9.7%
	5.3%
	7.4%


EthoTrak Study - What behaviors were observed?  Our EthoTrak ethogram consisted of 31 behaviors.  With 53% of the observations, Resting-Alert was overall the most common behavior seen.  Ten behaviors were captured very rarely with less than .001 frequency (Table 9).  Chick feeding and Copulation were never recorded.  
Table 9.  Number of recorded observations of the most uncommon behaviors.  

Total observations equaled 11446.
	Behavior
	Count

	Body Care-Dust Bathing
	11

	Courtship-Chasing female
	5

	Maternal-Egg Turning
	4

	Antagonistic-Threat posture
	4

	Antagonistic-Non-aggressive Displacement
	3

	Courtship-Head Tossing
	3

	Locomotion-Jumping
	1

	Body Care-Head-jerking
	1

	Excretion
	1

	Predator Avoidance-Predator defense display
	1


Male reproductive behavior across institutions:  Four of the males showed courtship behavior, two of the males at DZ and the males at BZ and SNZP.  Because the weekly averages had so much variation and we feared the monthly averages would obscure some of the pattern, we used biweekly averages for the comparisons (Figure 4).  Both of the Dallas males had sustained high levels of display and were the earliest to begin displaying.  The SNZP male was the next to begin displaying and the BZ male began the latest.  The DZ alpha male had an abrupt end to his displaying due to medical issues.  At the same time the DZ beta male dramatically reduced his amount of displaying.  By week 37 (9 September 2007), all males had stopped displaying.  
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Figure 4.  Courtship behavior of displaying males over the course of the study.  Percent of scans are calculated on a biweekly basis.
Female reproductive behavior at Dallas Zoo:  As was shown with the SNZP data, EthoTrak captures incubation behavior very well.  Weekly averages show very nicely the pattern of incubation for the females at DZ (Figure 5).  An interesting pattern emerged showing that the two proven breeders (948952 and 002034) display consistent incubation behavior when they have an egg, but 886438 is not consistent at incubating.
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Figure 5.  Incubation behavior of the three mature females at DZ over the course of the study.  Percent of scans are calculated on a weekly basis.
Using weekly averages for incubation behavior leads to a false conclusion that during the onset and ending of incubation, the females are not consistent at incubating.  We plotted the data on a daily basis for the two DZ proven breeder females and it displayed the true pattern (Figure 6).  The onset and cessation of incubation are quite rapid as one would expect.  Even with only three observations taken per day, the pattern is quite evident. 

[image: image6.emf]0

20

40

60

80

100

Mar 01 Mar 31 Apr 30 May 30 Jun 29 Jul 29 Aug 28

Date

Percent of Scans

948952 002034


Figure 6.  Incubation behavior of the two proven breeder females at DZ over the course of the study.  Percent of scans are calculated on a daily basis.

General Behavior:  We looked at individuals across institutions and seasonal pattern.  We did not use any of the reproductively active individuals because their behavior is obviously markedly affected by season.  For this analysis, we included both the male (205002) and female (205003) from LD, two females from SNZP (215326, 215349) and both females at BZ (B02066, 204025).  The behavior that we investigated was locomotion (Figure 7).  This is a rather cluttered graph, and no clear institutional effects are seen.  The lone male does not seem to differ markedly from the females.  There does seem to be a trend of increasing locomotion from September to November for all the birds.
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Figure 7.  Locomotion behavior for non-reproductively active animals at three institutions.  205002 is the only male.  Percent of scans are calculated on a monthly basis.
Discussion
EthoTrak is a relatively simple system to use and the time commitment from keepers is minimal and can easily be incorporated into their daily routines. The data produced are robust and can be used to look at several aspects of behavior such as institutional differences, seasonal patterns, and behavioral ontogeny. 

Though the method for the study was validated, we discovered several technical problems that can occur using the EthoTrak system.  

1)  The User ID for the Palm® cannot be longer than eight characters.  If it is longer, the data may not be successfully transferred to the computer from the Palm®. 

2)  The date and time on the Palm® must be checked because of potentially frequent problems.

3)  For unknown reasons, data that were collected during a 15-day period at DZ were not transferred to the database.  This problem can be reduced by synching the Palm® with the computer on a more frequent basis and checking that the data were successfully transferred.

Additionally, problems with observer reliability were discovered.  To reduce these errors, observers need to be thoroughly versed on the ethogram and should review the ethogram regularly.  A yearly review of the methods is also recommended to improve reliability within and across institutions.

In general, the institutions were very good at obtaining the data according to the original methods.  Data were collected evenly over the hours of the study and across weeks.  To make the weekly comparisons more robust, institutions should strive to obtain the recommended number of samples per week.  With correction of the time problem, analyses of the influence of time of day on behavior will be feasible.  

By comparing data obtained by an intensive study at SNZP to data obtained using EthoTrak we demonstrated that the data obtained using EthoTrak adequately describe the birds’ behavioral patterns. For monthly analyses, incubation and courtship behaviors differed by less than 5 percentage points on average.  The behavior subcategories of locomotion, resting, and body care differed by less that 10 percentage points on average. This high degree of similarity would lead to similar conclusions which ever data were used for the analyses. 

An unexpected result was that more types of behavior were recorded using EthoTrak than during the intensive study.  This result may be a result of the observers that are collecting data.  For EthoTrak, the primary keeper of the birds (Sara Hallager) took all of the data, whereas volunteers recorded the behavior for the intensive study.  Sara’s extensive experience with kori bustards may have enabled her to identify these rarer behaviors.  Another potential explanation is a bias in recording data.  When only one sample point is taken per session, observers tend to record the most active behavior seen.  This discrepancy, however, did not significantly affect the conclusions.
Comparing Courtship and Incubation behavior between individuals and among institutions was quite informative.  Major differences were seen in the courtship behavior of males across institutions.  The amount of courtship behavior was not a predictor of successful breeding.  Both of the males at Dallas show a high amount of courtship, yet only the alpha male has produced offspring.  At SNZP, the male shows a low amount of courtship but has also produced offspring.  With just this preliminary data, general conclusions cannot be developed.  Incubation patterns between females show that proven breeders are more consistent at incubation than the female that has never laid fertile eggs.
The strengths of this project will be looking at the data over several years at several institutions. Then questions such as the influence of a beta male on the display behavior of an alpha male, length of display season with latitude, and ontogeny of display behavior are just a few of the questions that can be addressed.  Many of the changes that occur in flock composition are unexpected and individually the consequences are hard to interpret, but with repeated incidents at different institutions a general pattern may emerge. Several new institutions have joined the project and this will increase the robustness of the data.  
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